The molecular side of signaling still has many secrets to reveal. This Editorial Guide describes areas of particular interest with regard to understanding cellular regulation at the level of individual molecules and macromolecular complexes. Advances in technology and the accumulation of proteomic and genomic data reveal previously unknown components of signaling networks, the spatial organization of macromolecular complexes, and how information flows through the networks to produce specific cellular responses.
Despite the wealth of information about molecular and cellular signaling, signal transduction still holds many secrets at the molecular and cellular level. Consequently, although the scope of Science Signaling has expanded to include translational and applied signaling studies that leverage the current state of knowledge for biomedical, agricultural, and synthetic biology applications, the journal has certainly not abandoned its core focus on the fundamental molecular and cellular basis of signaling or the researchers representing this part of the signaling community. As Chief Scientific Editor Michael Yaffe and I discussed in the 5 January 2016 Podcast, many areas of signaling research are of great interest, and fundamental discoveries remain to be made. Here, we highlight some exciting areas regarding the molecules that regulate cellular and organismal behavior and provide examples of such studies in Science Signaling.
At the molecular level, signaling research is at an exciting point. Many proteins or parts of proteins have been crystallized, yielding detailed structural information. Furthermore, the parts of proteins that mediate catalytic activity or that mediate the interactions between proteins or other biomolecules have been identified either at the primary sequence (linear consensus sequences), secondary (domains of specific functions), or even tertiary (three-dimensional) levels. Indeed, the wealth of information at these levels has produced tremendous resources for studying molecular regulation, drug development, and synthetic biology, as exemplified by several articles in the Archives. For example, Xu et al. developed a bioinformatic method to analyze the publicly available crystals of kinases in the Protein Data Bank for the presence of complexes representing the conformations of kinases during autophosphorylation. The analysis enabled the identification of structural motifs involved in autophosphorylation, which may aid in rational drug design and understanding diseaseassociated mutations. Littlefield et al. analyzed crystal structures of heterodimers of the catalytically inactive HER3 with the catalytically active partner HER1, both of which are members of the epidermal growth factor receptor (EGFR) family of receptor tyrosine kinases. The analysis provides a molecular explanation for how mutations in an "inactive" partner can cause disease, and a rationale for targeting the heterodimer interface with HER3 in cancers associated with aberrant activity of this family of receptors. Linch et al. started from a structure of protein kinase Ci (PKCi) to understand the molecular mechanism by which a mutation in this enzyme contributes to cancer. Alfonso et al. used structural information to identify a mechanism by which PKCa mutations may contribute to Alzheimer's disease. Thus, structural analyses provide insight into disease mechanisms and suggest rational strategies for therapeutic intervention.
With structural information about individual molecules and across families of molecules, insights into disease pathology, drug development, molecular engineering, molecular modeling, and in silico analysis of molecular interactions become possible. Additionally, by understanding the motifs that enable an enzyme to recognize its substrate protein or the motifs and domains that enable protein interactions, researchers can use bioinformatics to identify potential new substrates (see Li et al. and Low et al.) and combination drug targets (see So et al.) , generate testable hypotheses (see Casado et al. and Rusin et al.) , and integrate this information into resources for understanding disease (see Gao et al., Tan et al., and Miller et al.; see also the Review by de Oliveira et al.).
With knowledge of how regulatory enzymes function, new methods for assessing their activity, discovering their substrates, and exploring their functions are possible. Examples of these include the Protocols by Boivin et al., which describe a modified cysteinyl-labeling assay that detects reversible oxidation of members of each of the different subclasses of protein tyrosine phosphatases; Carlson and White, which describe an updated method for using analog-sensitive kinases to identify substrates; and Mowen and David, which describe a method for detecting protein arginine methylation and methylase activity.
The function of many signaling proteins is controlled through posttranslational modifications, either reversible or irreversible, or through interactions with other molecules. Alternative splicing and alternative translational start sites generate further complexity in signaling networks. Pre-and posttranslational mechanisms can alter the functional interaction between proteins, thereby altering the physiological outcome of cellular signals. Van Roey et al. developed switches. ELM, an online database and tool, contains a repository of experimentally validated mechanisms that dynamically regulate the functional states of short linear motifs, sites of protein-ligand binding, and rules for how these motifs function as cellular switches. With this resource, researchers can investigate how protein interactions contribute to cellular decision-making.
The importance of biomolecular interactions cannot be overstated. Although many proteinprotein interactions have been studied, as Vidal points out, there remains a great deal to explore about just binary protein interactions, much less multiprotein complexes. An area of particular interest for Science Signaling includes research into the characterization and organization of macromolecular complexes, including regulation of macromolecular complex dynamics in response to environmental or intracellular signals, and the regulatory roles of short linear motifs. Recently developed technologies and computational approaches enable scientists to understand the composition, organization, and dynamics of molecular complexes. Vinayagam et al. developed an interactive web tool called COMPLEAT, which uses raw genome-wide RNA interference data to map protein complex dynamics during the cellular response to stimuli in humans, flies, and yeast. Using phosphorylated extracellular signal-regulated kinase as a marker for pathway activation, COMPLEAT identified the Brahma complex in the cellular response to insulin.
Mass spectrometry approaches combined with immunoprecipitation or proximity-based protein labeling have been proven useful in defining macromolecular complex organization and dynamics. Guo et al. used a mass spectrometrybased approach to comprehensively identify E-cadherin-interacting proteins in human gastric cancer cells and then combined this information with extensive localization analysis. Analysis of cells exposed to a small molecule that prevented the ability of E-cadherin to bind to E-cadherin on other cells revealed that most intracellular proteins that interact with Ecadherin do not require cell-cell adhesion, suggesting that the E-cadherin intracellular interaction network is robust to perturbation, which may poise cells to form strong adherens junctions when conditions are appropriate. Dong et al. applied proximity-based biotinylation and mass spectrometry to identify the organization of the focal adhesion complex and reveal potential targets for therapeutic intervention of these key structures involved in both cell adhesion to the extracellular matrix and cell migration. Smith et al. developed a proximity ligation assay to detect the interaction between EGFR and the signaling adaptor GRB2 (growth factor receptor-bound protein 2) in clinical samples. Unexpectedly, the EGFR-GRB2 interaction assay detected increased EGFR signaling in tumors with wild-type EGFR, which would have been undetectable by genetic analysis, and this increased signaling was predictive of therapeutic response to EGFR inhibitors in both mice and humans. In this issue of Science Signaling, our understanding of EGFR signaling is further advanced through qualitative and quantitative network analysis that reveals ERBB2 dimer-specific networks (see Croucher et al.) and suggests that adaptor proteins may have a greater influence on EGFR signaling in cancer than was previously recognized (see Shi et al.) . These studies illustrate both Research Articles and Research Resources that show the application of newly developed methods to study macromolecular complexes and apply this knowledge to therapeutic or diagnostic strategies.
Although serine, threonine, and tyrosine phosphorylation and lysine ubiquitylation have dominated the posttranslational modification literature, these are only two of dozens of posttranslational modifications that regulate protein function, activity, and molecular interactions. This field of research has collided with that of cellular metabolism as we begin to appreciate that many of the molecules that we have considered simple intermediates in a biochemical synthesis or catabolism cycle are critical regulators of proteins that participate in cellular signaling pathways and regulatory processes. O-and Nglycosylation (see Dörr et al. and Wasser et al.) , O-GlcNAcylation (see Ramakrishnan et al.) , acetylation (see Weinert et al. and Deribe et al.) , arginylation, methylation (see Likhite et al.) , oxidative modification (see Castillo et al., Norton et al., and Velmurugan et al.) , and SUMOylation (see Tammsalu et al.) are just a few of the less-studied posttranslational events that remain to be comprehensively explored. Furthermore, the crosstalk and coordination among these modifications are just beginning to be revealed (see Shinozaki et al.) .
At Science Signaling, we understand that studies in these new and emerging areas may be largely observational. Depending on the type of study, its aims, and how the research community will likely use the results, we would encourage the submission of these studies either as Research Articles or Research Resources. We encourage authors to read about these two types of research content to see what section is most appropriate for their study (http://stke. sciencemag.org/about/help/research), with additional details about Research Resources available from http://stke.sciencemag.org/about/help/ research-resources.
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